An endophytic actinobacterial strain, CS1-12 T , was isolated from a leaf of Costus speciosus. Single spores were observed directly on the substrate mycelia. The cell-wall peptidoglycan of this strain exhibited meso-diaminopimelic acid and 3-OH-meso-diaminopimelic acid. Arabinose, glucose, ribose, xylose and rhamnose were detected as whole-cell sugars. The diagnostic phospholipids of this strain were phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannosides. The predominant menaquinones were MK-10(H 6 ), MK-10(H 8 ), MK-9(H 4 ) and MK-10(H 4 ). The main components of the cellular fatty acids (.10 %) were iso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 16 : 0 and anteiso-C 15 : 0 . The G+C content of the genomic DNA was 72.8 mol%. 16S rRNA gene sequence analysis data showed that strain CS1-12 T should be classified in the genus Micromonospora and that it is closely related to Micromonospora fulviviridis DSM 43906 T (99.3 %). The physiological, biochemical and chemotaxonomic properties, including the DNA-DNA hybridization results, indicated that strain CS1-12 T could be judged a novel species of the genus Micromonospora, for which the name Micromonospora costi sp. nov. is proposed. The type strain is CS1-12 T (5BCC 58124 T 5NBRC 109518 T ).
The genus Micromonospora Orskov (1923) belongs to the family Micromonosporaceae. The type species is Micromonospora chalcea. The single spore produced directly on the substrate mycelium and the absence of aerial mycelium are the dominant morphological characteristics of this genus (Kawamoto, 1989) . Members of the genus Micromonospora exhibit meso-diaminopimelic acid in the cell wall and arabinose and xylose as characteristic sugars in cell hydrolysates. Phosphatidylethanolamine is the characteristic phospholipid in the membrane. Recently, several new species of the genus Micromonospora have been proposed, i.e. Micromonospora polyrhachis , Micromonospora violae , Micromonospora jinlongensis (Gao et al., 2014) and 'Micromonospora zeae' (Shen et al., 2014) . In the course of our investigation of novel actinobacteria isolated from the tissues of Thai medicinal plants, we successfully isolated a strain, designated CS1-12 T , which exhibited the morphological characteristics typical of members of the genus Micromonospora, but which showed phenotypic, genotypic and some chemotaxonomic properties that made it distinguishable from all type strains of species of the genus Micromonospora with validly published names. So, we propose strain CS1-12 T to be a representative of a novel species of the genus Micromonospora.
Strain CS1-12 T was isolated from a leaf of Costus speciosus collected from the herb garden in Nakornnayok province, Thailand. A leaf of this plant was gently rinsed with tap water three times and was surface-sterilized with 70 % ethanol for 10 min and subsequently with absolute ethanol for 2 min in a sterilized bottle. The leaf was removed from the bottle and dried on sterilized filter paper followed by surfacesterilization with 6 % (v/v) sodium hypochlorite and a few drops of Tween 20 for 5 min. Then, the plant tissue was rinsed with sterilized distilled water 5 times and finally the surfacesterilized leaf was ground in sterilized distilled water, and the suspension was spread on starch casein agar (SCA) [0.1 % sodium caseinate, 1 % soluble starch, 0.03 % K 2 HPO 4 , 1.8 % agar, pH 7.0-7.5] supplemented with 25 mg l 21 nalidixic acid and 50 mg l 21 cycloheximide and incubated at 30 u C for 21 days. The final rinse water was spread on SCA as a control. The colonies were selected and purified by repetitive crossstreaking on ISP2 medium [International Streptomyces Project, ISP 2 medium (Shirling & Gottlieb, 1966) ] and was preserved by freezing at 280 u C and freeze-drying. IP: 54.70.40.11
On: Thu, 03 Jan 2019 11:19:06 electron microscopy (SEM, model JSM-5410 LV; JEOL). The sample for SEM was prepared as described previously (Thawai et al., 2005) .
The phenotypic properties were determined using several standard methods and compared with those of phylogenetically close reference strains. Cultural properties were examined using 14 day-old cultures grown at 30 u C on various agar media. The colour of the colonies was determined using ISCC-NBS colour charts standard sample no. 2106 (Kelly, 1964) . Tests for gelatin liquefaction, peptonization of milk, nitrate reduction and starch hydrolysis were performed with the standard methods of Arai (1975) and Williams & Cross (1971) .
The temperature (15-55 u C), pH (4-12) and NaCl (0-10 %, w/v) tolerances for growth were determined on ISP 2 medium for 14 days. The utilization of various carbon sources was determined by the method of Shirling & Gottlieb (1966) . The results are indicated in detail in the species description and in Table 1 .
The freeze-dried cells of strain CS1-12 T used for chemotaxonomic analyses were prepared from cultures grown in ISP 2 broth on a rotary shaker (180 r.p.m.) at 30 u C for 5 days. The preparation of cell-wall peptidoglycans was by the method of Kawamoto et al. (1981) , and the determination of the amino acid composition of the cell wall was performed using the previously described TLC method of Lechevalier & Lechevalier (1980) . The method of Uchida & Aida (1984) was used for analysis of the acyl group of muramic acid in the peptidoglycan. The reducing sugars of cell hydrolysates were performed according to the methods previously described (Komagata & Suzuki, 1987) . The phospholipids in cells were analysed using the standard method of Minnikin et al. (1984) . Cellular fatty acid profile analysis was performed using GLC according to the instructions of the Microbial Identification System (MIDI), Sherlock version 6.0 (Kämpfer & Kroppenstedt, 1996; Sasser, 1990) . The cellular fatty acids were identified using the RTSBA6 database of the MIDI system (Sasser, 1990) .
The presence of mycolic acids was investigated using the method of Minnikin et al. (1975) . The extraction of isoprenoid quinones was carried out according to the method of Collins et al. (1977) . The analysis of isoprenoid quinones was performed using reverse phase HPLC equipped with a Cosmosil 5C 18 column (4.66150 mm; Nacalai Tesque) at a flow rate of 0.6 ml min 21 . A mixture of methanol and 2propanol (2 : 1, v/v) was used as the elution solvent.
The genomic DNA used for G+C content analysis and DNA-DNA hybridization was prepared according to the method described by Tamaoka (1994) . The G+C content of the DNA was analysed using the standard HPLC method of Tamaoka & Komagata (1984) . Lambda DNA (Invitrogen) was used as the standard. DNA-DNA hybridization was carried out using the method reported by Ezaki et al. (1989) . The colorimetric method of Verlander (1992) was used for the determination of DNA-DNA relatedness (%) values.
The genomic DNA used for 16S rRNA gene amplification was prepared as described by (Suriyachadkun et al., 2009) . The sequence of the PCR product was obtained using universal primers 27F (59-GTTTGATCCTGGCTCAG-39), 350F (59-TACGGGAGGCAGCAG-39), 780F (59-GATTA-GATACCCTGGTAG-39), 1100F (59-GCAACGAGCGCAA-CCC-39), 350R (59-CTGCTGCCTCCCGTAG-39), 780R (59-CTACCAGGGTATCTAATCC-39) and 1492R (59-GG-TTACCTTGTTACGACTT-39) (Lane, 1991) . The nearly complete 16S rRNA gene sequence of strain CS1-12 T was aligned pairwise using the EzTaxon server (Kim et al., 2012) . Partial sequences of the 16S rRNA genes of strains of species of the genus Micromonospora with validly published names were obtained from the GenBank/EMBL/ DDBJ database for multiple alignment analyses using the CLUSTAL W program, version 1.81 (Thompson et al., 1994) . The alignment was manually corrected to eliminate gaps and 
adjusted prior to reconstruction of a phylogenetic tree. The phylogenetic tree was reconstructed using the neighbourjoining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971 ) and maximum-likelihood (Felsenstein, 1981) methods in the MEGA 6 software (Tamura et al., 2013) . The evolutionary distances used in the neighbour-joining method were calculated using the Kimura two-parameter model (Kimura, 1980) . The confidence values of the clusters were judged using bootstrap analysis (Felsenstein, 1985) with 1000 resamplings.
Strain CS1-12 T grew well on ISP2, ISP 3 and nutrient agar, moderately on ISP 6, weakly on ISP 4, ISP 5, ISP 7, Czapek's sucrose agar and glucose-asparagine agar. The colonies grown on these media (Difco) were brilliant orange to pale-orange/ yellow. Aerial hyphae were not observed. Soluble pigments were not produced on any of the media tested. Strain CS1-12 T produced a single spore on the tip of the substrate mycelia on 1/10 strength starch casein agar after growth at 30 u C for 21 days (Fig. 1) . Spores of this strain exhibited a rough and nodular surface ( Fig. 1) and were non-motile.
The chemotaxonomic properties of strain CS1-12 T indicated that this strain belonged to the genus Micromonospora. The cell walls of strain CS1-12 T contained meso-diaminopimelic acid and 3-OH-meso-diaminopimelic acid. The cell wall acyl type was glycolyl. The strain contained arabinose, glucose, ribose, xylose and rhamnose in the whole-cell hydrolysates.
The predominant menaquinone was MK-10(H 6 ) (49.6 %), MK-10(H 8 ) (15.9 %), MK-9(H 4 ) (15.6 %), MK-10(H 4 ) (13.9 %) and small amounts of MK-10(H 2 ) (4.1 %) and MK-9(H 6 ) (0.9 %) were also detected. The main cellular fatty acids in cells (¢1 %) were iso-C 15 : 0 (25.9 %), anteiso-C 17 : 0 (23.2 %), iso-C 16 : 0 (15.4 %), anteiso-C 15 : 0 (12.5 %), iso-C 17 : 0 (9.6 %), C 17 : 0 (3.5 %), 10-methyl-C 17 : 0 (1.5 %), C 16 : 0 (1.4 %), C 18 : 0 (1.3 %) and C 17 : 1 v8c (1.2 %) (Table S1 , available in the online Supplementary Material). Mycolic acids were absent. The characteristic phospholipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannosides, five unidentified phospholipids and one unidentified lipid (Fig. S1 ). The G+C content of the DNA of strain CS1-12 T was 72.8 mol%.
The almost complete 16S rRNA gene sequence of strain CS1-12 T (1503 nt) was compared and deposited in the DDBJ database. The 16S rRNA gene sequence tree reconstructed by the neighbour-joining (Fig. 2) , maximum-parsimony ( Fig. S2 ) and maximum-likelihood ( Fig.  S3 ) methods confirmed the taxonomic position of strain CS1-12 T ; this novel strain was a representative of a species of the genus Micromonospora and formed a monophyletic clade with Micromonospora fulviviridis with a high boostrap value (81 , 71 and 71 %, respectively). The results obtained from EzTaxon-e analysis also indicated that strain CS1- Fig. 2 . Neighbour-joining tree (Saitou & Nei, 1987) based on almost-complete 16S rRNA gene sequences (1423 nt) showing the relationships between strain CS1-12 T and species of the genus Micromonospora with validly published names. Catellatospora citrea subsp. citrea IMSNU 22008 T was used as an outgroup. Asterisks (*) indicating the branches of the tree that were also found using the maximum-parsimony and maximum-likelihood methods. The numbers on the branches indicate the percentage bootstrap values of 1000 replicates; only values ¢50 % are indicated. Bar, 0.005 substitutions per nucleotide position< evident from the phenotypic, chemotaxonomic and genotypic data that strain CS1-12 T represents a novel species of the genus Micromonospora and the name Micromonospora costi is proposed for the strain.
Description of Micromonospora costi sp. nov.
Micromonospora costi (cos'ti. N.L. gen. n. costi, of Costus a botanical genus).
Gram-stain-positive, mesophilic actinomycete that forms single spores directly on the substrate mycelia. No soluble pigment is produced in any test culture media. Nitrate is not reduced to nitrite. Utilizes D-glucose, D-mannose, Dgalactose, cellobiose, L-arabinose, D-fructose, raffinose, melibiose, D-xylose, mannitol, sucrose and lactose as sole carbon sources, but not glycerol, myo-inositol, L-rhamnose, D-ribose and D-salicin. Peptonization of milk, hydrolysis of starch and gelatin liquefaction are positive. The maximum temperature for growth is 45 u C. The maximum NaCl concentration for growth is 4 % (w/v). The pH range for growth is 5-10. The cell-wall peptidoglycan contains mesodiaminopimelic acid and 3-OH-meso-diaminopimelic acid. The acyl type of the cell wall is glycolyl. The predominant menaquinone is MK-10(H 6 ). The characteristic whole-cell sugars are arabinose, glucose, ribose, xylose and rhamnose. The phospholipid profile contains diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannosides, five unidentified phospholipids and one unidentified lipid, but phosphatidylcholine is not detected. The predominant cellular fatty acids are iso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 16 : 0 , anteiso-C 15 : 0 and iso-C 17 : 0 . C 17 : 0 , 10-methyl-C 17 : 0 , C 16 : 0 , C 18 : 0 and C 17 : 1 v8c are also present as minor components. Mycolic acids are absent.
The type strain is CS1-12 T (5BCC 58124 T 5NBRC 109518 T ), which was isolated from a leaf of Costus speciosus collected from a herb garden in Nakornnayok province, Thailand. The genomic DNA G+C content of the type strain is 72.8 mol%.
